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FOREWORD 
The p r i n c i p a l  aim of  h e a l t h  c a r e  r e s e a r c h  a t  IIASA h a s  
been t o  d e v e l o p  a  f a m i l y  of  submodels o f  n a t i o n a l  h e a l t h  c a r e  
sys tems  f o r  u s e  by h e a l t h  s e r v i c e  p l a n n e r s .  The modeling work 
i s  p r o c e e d i n g  a l o n g  t h e  l i n e s  proposed i n  t h e  I n s t i t u t e ' s  
c u r r e n t  Research  P l a n .  I t  i n v o l v e s  t h e  c o n s t r u c t i o n  of  l i n k e d  
submodels d e a l i n g  w i t h  p o p u l a t i o n ,  d i s e a s e  p r e v a l e n c e ,  r e s o u r c e  
need,  r e s o u r c e  a l l o c a t i o n ,  and r e s o u r c e  s u p p l y .  
The work p r e s e n t e d  i n  t h i s  p a p e r ,  based  on RAMOS (Resource  
A l l o c a t i o n  Model Over S p a c e ) ,  a d d r e s s e s  t h e  theme of  t h e  geo- 
g r a p h i c a l  a l l o c a t i o n  of  h e a l t h  care r e s o u r c e s .  Whereas an e a r -  
l ie r  p a p e r  (Mayhew and T a k e t ,  1 9 8 0 )  examined t h e  e m p i r i c a l  b a s i s  
f o r  such a model,  m a t e r i a l  p r e s e n t e d  h e r e  s u g g e s t s  how RAMOS may 
be used i n  a d e c i s i o n - r a k i n g  r o l e .  
R e l a t e d  p u b l i c a t i o n s  i n  t h e  H e a l t h  Care Systems Task are 
l i s t e d  a t  t h e  end of  t h i s  r e p o r t .  
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ABSTRACT 
This working paper is the second in a series on 
RAMOS (Resource Allocation Model Over Space), dealing with 
the efgcts on in-patient hEspitafizat?on rates of changing 
resource levels, population trends, and accessibility costs 
in heavily populated or congested regions. Whereas the first 
paper emphasized and detailed the empirical basis, calibration, 
and validation of RAMOS, the material presented here examines 
its application in a decision-making context. For simplicity, 
two levels in the planning process are identified: the tactical 
and the strategic. For each level a different approach for 
using RAMOS is recommended. In the first case, it is argued 
that the planning problems are relatively self-contained, and 
they can be analyzed in only a few computer runs of the model. 
In the second case, the possibilities are unrealistically many 
and so must be narrowed down. To tackle this a new version of 
the model RAMos-1 is developed and tested in detail. The ob- 
jective in RAMOS'~ is to pick resource configurations such that 
the relative needs of the population in each place of residence 
in a region are met. However, so that other objectives in the 
health care system do not conflict in the process, upper and 
lower bounds on permissible resource allocations are introduced 
in each treatment-district zone. The problem is solved using 
a quadratic programming technique and applying it to four, hypothe- 
tical planning scenarios using data based on London, in south- 
east England. A sensitivity analysis is also conducted on the 
model parameter, before some conclusions are drawn and recom- 
medations for further developments are made. 
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1 . INTRODUCTION 
RAMOS (Resource Allocation Model Over Space) is a behavioral 
model that explores the geographical interactions between the 
supply of, and demand for, acute in-patient hospital services. 
It is formed from the hypothesis that in a region the number 
of patients generated in origin zone i (a place of residence) 
and treated in destination zone j (a hospital district) is in 
proportion to the morbidity or "patient generating potential" 
of i and the resources available in j, but is in inverse pro- 
portion to the accessibility costs of getting from i to j. 
The model provides a simple method for choosing between 
different resource configurations in congested regions (very 
large urban areas, industrial agglomerations, and so forth) 
when the size and structure of the population and the resource 
availability are changing over space and time. It can be applied 
to one clinical category, or more likely to several in conjunction, 
depending on the hierarchical structure and geographical distri- 
bution of services. In its present form the model assumes that 
there are not enough resources to satisfy demand, and that pa- 
tients are not restricted by their places of residence to use 
only certain hsopitals. The health care systems for which it is 
best suited are: 
-- Payment-free systems or systems operating comprehensive 
health insurance schemes where there are few market sig- 
nals to regulate supply and demand 
-- Systems with national, regional, or local health care 
planning machinery, and a commitment to the effective 
territorial planning of health care services 
-- Systems in which there is a historical tendency to over- 
allocate health resources in some regions, and under- 
allocate them in othersfand in which there is a growing 
desire by statutory authorities to redress these imbalances 
-- Incipient systems in developing countries undergoing ra- 
pid urbanization 
The extension of the model to a mre market-based health care sys- 
tem presents problems which are not insurmountable, and some re- 
search prioritiesin this direction are outlined in the conclusions (section 8). 
In a previous paper the empirical basis and assumptions un- 
derlying the model for over twenty acute clinical specialties were 
considered and tested in detail (Mayhew and Taket, 1980j. It was 
shown how to calibrate the model by fitting it to real data, to 
what extent it reasonably described the behavior of the actual 
pattern of patient flows between origins and destinations, and 
what improvements still seemed necessary. 
In this paper we are concernsd with developing systematic 
methods for applying RAMOS in a decision-making environment. 
A broad distinction is drawn between the tactical and strategic 
level of planning, while ways are also discussed for connecting 
the model to different submodels dealing with trends in popula- 
tion, service utilization, and resource availability. The most 
important results center on the subject of strategic level model- 
ing. A method, based on RAMOS, is developed and tested to show 
how resources may be distributed in each treatment zone j so that 
the relative needs of each place of residence are met. What emer- 
ges is essentially a new model called I(AMOS-'. This model is 
applied in the London region in England to four, hypothetical 
planning scenarios (changinq resource and population levels), 
and the preliminary results are given. The sensitivity of the 
model to parameter changes are then considered, before some 
conclusions are drawn. 
2.  THE BASIC  MODEL* 
M a t h e m a t i c a l l y  t h e  model i s  s t a t e d  a s  f o l l o w s :  
T i j  = B .  D M i  e x p  ( - B c  ) 3 3 i j 
where  
Ti j = t h e  predicted pat ient  flow f r an  zone i t o  treatment zone j 
D = t h e  c a s e l o a d  c a p a c i t y  i n  j f o r  t r e a t i n g  p a t i e n t s  i n  j 
a  s p e c i a l t y  o r  g roup  o f  s p e c i a l t i e s  
Wi = t h e  p a t i e n t  g e n e r a t i n g  f a c t o r  ( p g f ) ,  which  i s  a n  i n -  
dex  o f  t h e  p r o p e n s i t y  o f  t h e  p o p u l a t i o n  i n  i t o  
g e n e r a t e  p a t i e n t s  i n  t h e  same g r o u p  o f  s p e c i a l t i e s  
c = t h e  a c c e s s i b i l i t y  c o s t s  f rom i t o  j i j 
B = a  p a r a m e t e r  t o  b e  d e t e r m i n e d  e m p i r i c a l l y  
E q u a t i o n  ( 2 )  i s  a  c o n s t r a i n t ,  known a s  a  b a l a n c i n g  f a c t o r ,  which  
e n s u r e s  t h a t  
I n  words ,  t h e  model assumes  t h a t  a l l  a c u t e  i n - p a t i e n t  r e s o u r c e s  
i n  e a c h  p l a c e  o f  t r e a t m e n t  a r e  u sed  t o  c a p a c i t y .  4 e a l i s t i c a l l y ,  
some f l u c t u a t i o n  o f  s a y  t 5  p e r c e n t  a b o u t  t h i s  a s s u m p t i o n  i s  
l i k e l y  b e c a u s e  o f  i n c r e a s e s  i n  h o s p i t a l  t h r o u g h p u t  o r  s l a c k  
i n  t h e  sys tem.  T h i s  c a n  be  b u i l t  i n t o  f o r e c a s t s  a s  d e s i r e d .  
The b e h a v i o r a l  b a s i s  o f  t h e  model e n t a i l s  f i n d i n g  a  v a l u e  f o r  B 
b a s e d  o n  e x i s t i n g  p o p u l a t i o n ,  r e s o u r c e  l e v e l s ,  p a t i e n t  f l o w s ,  
and  a c c e s s i b i l i t y  c o s t s  and t h e n  assuming  t h i s  p a r a m e t e r  i s  more 
o r  less unchanged o v e r  a  t y p i c a l  f o r e c a s t i n g  p e r i o d .  
* 
For  a  g l o s s a r y  o f  a l l  t h e  terms u s e d  i n  t h i s  p a p e r  see Appendix A .  
3 .  PLANNING LEVELS I N  THE HEALTH CARE SYSTEM (HCS) 
When p l a n n i n g  i n - p a t i e n t  h o s p i t a l  s e r v i c e s ,  d e c i s i o n s  a r e  
t a k e n  on  a  v a r i e t y  o f  l e v e l s  i n  t h e  a d m i n i s t r a t i v e  and 
m a n a g e r i a l  s t r u c t u r e .  Some d e c i s i o n s  a r e  r e l a t i v e l y  minor  
a f f e c t i n g  few r e s o u r c e s  i n  o n l y  o n e  l o c a t i o n - f o r  example ,  t h e  
d e c i s i o n  t o  c l o s e  t e m p o r a r i l y  a  h o s p i t a l  ward f o r  m o d e r n i z a t i o n .  
O t h e r s  a r e  o f  f a r  g r e a t e r  s i g n i f i c a n c e  i n v o l v i n g ,  s a y ,  t h e  
commiss ioning  o r  c l o s i n g  o f  a l a r g e  h o s p i t a l .  A t  a  h i g h e r  l e v e l  
s t i l 1 , p l a n s  are  f o r m u l a t e d  t o  d e t e r m i n e  t h e  d i r e c t i o n  o f  t h e  i n -  
p a t i e n t  h e a l t h  c a r e  s e r v i c e s  i n  a l l  zones  o f  a  r e g i o n  f o r  a 
p e r i o d  o f  t i m e .  T y p i c a l l y  s u c h  p l a n s  w i l l  t a k e  i n t o  a c c o u n t  
t r e n d s  i n  t h e  p o p u l a t i o n  s t r u c t u r e ,  t h e  c u r r e n t  a v a i l a b i l i t y  o f  
p h y s i c a l  r e s o u r c e s ,  t h e  manpower s u p p l y ,  c a p i t a l  deve lopment  
programs,  and s o  on ( P e l l i n g ,  f o r t h c o m i n g )  . 
Although it depends  o n  t h e  c o u n t r y ,  a  h y p o t h e t i c a l  p l a n n i n g  
r e g i o n  may c o n t a i n  o n e  c i t y ,  s e v e r a l  t o w n s t a n d  a  p o p u l a t i o n  
o f  s e v e r a l  m i l l i o n ,  s e r v e d  by o v e r  one  hundred  v a r i o u s l y  s i z e d  
h o s p i t a l s .  F i n d i n g  t h e  r i g h t  b l e n d  o f  r e s o u r c e s  t o  p r o v i d e  f o r  
such a  region is very d i f f i c u l t .  The re  a r e  few e a s i l y  e x p r e s s e d  ob- 
j e c t i v e s  t o  g u i d e  t h e  deve lopment  o f  t h e  i n - p a t i e n t  s e r v i c e s ,  
w h i l e  t h e  b e n e f i t s  o b t a i n e d  from a l l o c a t i n g  r e s o u r c e s  t o  o n e  ac- 
t i v i t y  i n  o n e  l o c a t i o n ,  a s  opposed t o  a n o t h e r  somewhere else,  
are n o t  r e a d i l y  q u a n t i f i a b l e .  I n  this dec i s ion -mak ing  e n v i r o n -  
ment it i s  u s e f u l  t o  i d e n t i f y  two b r o a d  l e v e l s  i n  which RAMOS 
can  be h e l p f u l :  t h e  t a c t i c a l  l e v e l  and  t h e  s t r a t e g i c  l e v e l  
( S h i g a n ,  Hughes,  and  I c i t s u l  1 9 7 9 ) .  F o r  c u r r e n t  2 u r p o s e s  
t a c t i c a l  p l a n n i n g  c a n  b e  d e f i n e d  a s  d e c i s i o n s  i n v o l v i n g  p a r t i c -  
u l a r  p r o j e c t s - s u c h  as t h e  b u i l d i n g  o f  a  new h o s p i t a l .  The 
s t r a t e g i c  l e v e l  o f  p l a n n i n g  i s  conce rned  w i t h  t h e  b road  d i r e c t i o n  
o f  t h e  e n t i r e  s y s t e m  and i t s  l ong- t e rm r e s o u r c e  r e q u i r e m e n t s  
(DHSS 1 9 7 6 ) .  
4 .  RAMOS: ABILITIES AND LIMITATIONS 
RAMOS i s  n o t  i n t e n d e d  t o  p r o v i d e  r e a d y  made p l a n s  a t  e i t h e r  
o f  t h e  l e v e l s  d e s c r i b e d .  R a t h e r ,  it i s  a  t o o l  f o r  h e l p i n g  t o  
d e c i d e  be tween a l t e r n a t i v e s ,  f o r  examin ing  t h e  i m p l i c a t i o n s  o f  
a p a r t i c u l a r  d e c i s i o n  o r  se t  o f  a s sumpt ions ,  o r  f o r  s i m p l y  ob- 
s e r v i n g  where t h e  s y s t e m  i s  h e a d i n g .  I t  a l l o w s  t h e  d e c i s i o n  
maker t o  t e s t  a  v a r i e t y  o f  s c e n a r i o s  w i t h o u t  c o m m i t t i n g  him t o '  
any  p a r t i c u l a r  one .  T h i s  f l e x i b i l i t y  i s  b o t h  a n  a d v a n t a g e  and  
a  d i s a d v a n t a g e . ,  I t  p e r m i t s  i n  t h e o r y  t h e  e v a l u a t i o n  o f  many 
compet ing  a l t e r n a t i v e s ,  y e t  it c a n n o t  t e l l  t h e  u s e r  which  i s  
b e s t .  F o r  a  r e l a t i v e l y  s m a l l  problem ( s a y ,  a t  t h e  t a c t i c a l  
l e v e l )  t h e s e  a l t e r n a t i v e s  w i l l  b e  f ew,and  it i s  p r o b a b l e  t h a t  
t h e y  c a n  b e  judged  f o r  t h e i r  s u i t a b i l i t y  i n  o n l y  a few computer  
r u n s  o f  t h e  model.  I n  t h e  f o r m u l a t i o n  o f  a s t r a t e g i c  p l a n ,  how- 
e v e r ,  b o t h p o p u l a t i o n  and  r e s o u r c e  l e v e l s  a r e  c h a n g i n g  o v e r  t i m e  
and  s p a c e .  The a l t e r n a t i v e s  h e r e  w i l l  g e n e r a l l y  b e  t o o  many t o  
e v a l u a t e ,  and t h e  d e c i s i o n  maker w i l l  need  t o  d i r e c t  h i s  s e a r c h .  
I t  is  r e a s o n a b l e  t o  a s k  t h e r e f o r e  w h e t h e r  methods c a n  b e  
found  t o  u s e  RAMOS i n  n a r r o w i n g  down t h e  c h o i c e s  t o  t h o s e  
which i n  some s e n s e  a r e  b e s t  and  which  c a n  b e  a c h i e v e d  i n  t h e  
p l a n n i n g  p e r i o d .  To d o  t h i s  RAMOS mus t  b e  d i r e c t e d  t o  p i c k  re- 
s o u r c e  c o n f i g u r a t i o n s  t h a t  s a t i s f y  a  p a r t i c u l a r  o b j e c t i v e .  The 
problem i s  which  o b j e c t i v e  t o  c h o o s e  and  how t o  e x p r e s s  it i n  a  
way t h a t  c a n  b e  u s e d  by a  m a t h e m a t i c a l  model .  Some g u i d a n c e  i s  
o f f e r e d  by t h e  N a t i o n a l  H e a l t h  S e r v i c e  i n  England  and Wales 
formed i n  1948. I ts  e x p r e s s e d  a i m  i s  
... t o  e n s u r e  t h a t  e v e r y  man and woman and  c h i l d  c a n  
r e l y  on  g e t t i n g  a l l  t h e  a d v i c e  and  t r e a t m e n t  and  c a r e  
t h e y  need  i n  m a t t e r s  o f  p e r s o n a l  h e a l t h . .  . [ and ]  ... 
t h a t  t h e i r  g e t t i n g  t h e s e  s h o u l d  n o t  depend  on w h e t h e r  
t h e y  c a n  pay f o r  them ( F e l d s t e i n  1963:22,  q u o t i n g  from 
HMSO 1 9 4 4 ) .  
The a s s u m p t i o n  i n  1944 t h a t  a l l  needs  c a n  b e  p r o v i d e d  f o r  
h a s  p roved  u n r e a l i s t i c :  h e a l t h  c a r e  e x p e n d i t u r e s  and  t h e  con-  
sumpt ion  o f  h e a l t h  c a r e  s e r v i c e s  i n  g e n e r a l  c o n t i n u e s  t o  r ise  
n o t  o n l y  i n  England  a n d  Males b u t  a l s o  i n  mos t  o t h e r  c o u n t r i e s .  
A r e a l i s t i c  a l t e r n a t i v e  i s  t h a t  i n - p a t i e n t  h e a l t h  c a r e  r e s o u r c e s  
b e  r a t i o n e d  i n s t e a d  a c c o r d i n g  t o  t h e  r e l a t i v e  ( and  n o t  t o  t h e  ab- 
s o l u t e )  n e e d s  i n  e a c h  p a r t  o f  a  r e g i o n  (RAW? 1976) .  T h i s  i s  
the o b j e c t i v e  t h a t  w e  s h a l l  b e g i n  w i t h  h e r e .  
I n  s t r i v i n g  f o r  t h i s  o b j e c t i v e ,  t h e  d e c i s i o n  maker w i l l  i n -  
e v i t a b l y  c o n f l i c t  w i t h  o t h e r s .  F o r  example ,  i n  a d d i t i o n  t o  
t r e a t i n g  p a t i e n t s  t h e  h o s p i t a l  s e c t o r  o f  t h e  h e a l t h  care s y s t e m  
also trains doctors. However, the teaching and service needs of 
a region's health care system may differ significantly (LHPC 1979). 
Also, the decision maker is faced with the general inertia of 
a system in which finance is scarce and physical resources 
(buildings and equipment) cannot be made perfectly mobile. 
Finally, factors such as physician availability or economies of 
scale can also set upper or lower limits on the resources it is 
possible to reallocate. These and related considerations will 
act as constraints on the changes in resource allocation the 
decision maker is willing or able to allow. Such constraints 
must therefore be incorporated into RAMOS in a way which allows 
it to move in the direction of its principal objective but with 
due regard to the operating environment. 
T w o  T y p e s  of M o d e l s  
Two variants of RAMOS are therefore suggested: one, func- 
tioning at a tactical level, takes as inputs a set of relative 
needs and a given resource configurationland then predicts the 
consequent service levels in each place of residence; the other, 
functioning at a strategic level, takes as inputs a set of re- 
lative needs, the total of available resourcestand the constraints 
on change. It then predicts the required resource allocations in 
each treatment zone that are necessary to CXE as close as possible 
to the objective that has been set. The first model will be 
termed RAMOS and the second RAMOS-I. The minus one is a con- 
vention to indicate that the second model is essentially the in- 
verse of the first. All the results shown below will be from 
RAMos-I, since much of the groundwork for the first model is 
already contained in Mayhew and Taket (1980). 
5. CONNECTING SUBMODELS 
The three main input variables in the applications of RAMOS 
are resource availability, relative need,and accessibility costs. 
Of these the HCS essentially exercises control over only one-- 
resource availability. The other variables may, in certain res- 
pects, be controlled by the HCS, but for all practical purposes 
they are really exogenous. Nevertheless, each variable in turn 
is a function of others which must be estimated separately and 
incorporated in the proposed scheme. Two flow diagrams -- one 
f o r  RAMOS and one  f o r  R A M O S - ' - - S ~ O W  one p o s s i b l e  s e t  of  l i n k e d  
submodels and t h e i r  i n t e r c o n n e c t i o n s  ( F i g u r e s  1  and 2 ) .  The 
p a r t i c u l a r  s t r u c t u r e  shown h e r e  i s  i l l u s t r a t i v e  o n l y  and i s  n o t  
meant t o  e x h a u s t  t h e  p o s s i b i l i t i e s .  I t  d o e s ,  however, imply ap- 
p roaches  which have a l r e a d y  proved u s e f u l  i n  a n o t h e r  c o n t e x t  
(LHPC 1 9 8 0 ) .  I n  t h e  f i r s t  d iagram,  t h e  o u t p u t s  from W4OS re- 
l a t e  mainly t o t h e  service l e v e l s  i n  e a c h  o r i g i n ;  i n  t h e  second,  
t h e y  a r e  t h e  r e s o u r c e  a l l o c a t i o n s  i n  e a c h  d e s t i n a t i o n .  
5.1.  P a t i e n t  G e n e r a t i n g  F a c t o r s  ( p g f s )  
The submodels i n  b o t h  f i g u r e s  f a l l  i n t o  t h r e e  c a t e g o r i e s .  
The f i r s t  looks  a t  p o p u l a t i o n  t r e n d s ,  m o r t a l i t y ,  and n a t i o n a l  
p a t t e r n s  of h o s p i t a l  u t i l i z a t i o n  i n  d i f f e r e n t  c l i n i c a l  spe-  
c i a l i t i e s .  T h i s  c a t e g o r y  h a s  t h e  purpose  o f  e s t i m a t i n g  t h e  
p a t i e n t  g e n e r a t i n g  f a c t o r s  f o r  t h e  f o r e c a s t  p e r i o d .  For  example, 
h o s p i t a l  u t i l i z a t i o n  i s  i n c r e a s i n g  i n  many s p e c i a l t i e s  b u t  a t  
d i f f e r e n t  r a t e s  i n  each  age-sex group.  Such t r e n d s  shou ld  be 
reflected in the m s u r e s  of p a t i e n t  p o t e n t i a l  a l o n g  w i t h  t h e  expec ted  
demographic c h a n g e s ,  ( s e e  a l s o  ~ p p e n d i x  B). 
A p a t i e n t  g e n e r a t i n g  f a c t o r  ( p g f )  has  been d e f i n e d  p r e v i o u s l y  
by Mayhew and T a k e t  (1980) a s  f o l l o w s  
where Pil i s  t h e p o p u l a t i o n  i n  i i n  age-sex c a t e g o r y  1, and Ulm 
i s  t h e  n a t i o n a l  u t i l i z a t i o n  r a t e  i n  1 f o r  s p e c i a l t y  m .  The 
subscript t is there t o  i n d i c a t e  t h e  t i n e  h o r i z o n  of t h e  p l a n n e r .  A 
pgf i s  hence s imply  t h e  expec ted  number of  p a t i e n t s  a  zone would 
produce  i f  t h e  n a t i o n a l  p a t t e r n  o f  h o s p i t a l  usage i n  d i f f e r e n t  
s p e c i a l t i e s  were t o  a p p l y  t o  t h e  l o c a l  age-sex s t r u c t u r e .  A s  
a  measure o f  r e l a t i v e  need,  it can  be  c r i t i c i z e d  on s e v e r a l  
grounds .  For example,  it i g n o r e s  t h o s e  d i f f e r e n c e s  between zones 
o f  a  socio-economic k ind  which can be  v a r i o u s l y  i m p o r t a n t  i n  
d e c i d i n g  t h e  e v e n t u a l  usage  of  h o s p i t a l  s e r v i c e s .  One solution t o  
h s  is t o  use a  measure which i s  s t r i c t l y  r e l a t e d  t o  a b s o l u t e  mor- 
b i d i t y  ( K i t s u l  1 9 8 0 ) ;  a n o t h e r  i s  t o  modify t h e  c u r r e n t  measures 
of p g f s  i n  a n o t h e r  way such a s  by m u l t i p l y i n g  W i by t h e  
a d ~ i s s i o n  r a t ~ s  by by age and sex f o r  
age, sax, and s p e c i a l t y  each o r i g i n  
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F i g u r e  2 .  P l a n n i n g  a c u t e  i n - p a t i e n t  h o s p i t a l  
s e r v i c e s  u s i n g  RAMOS". T h i s  model 
se lec t s  t h e  r e s o u r c e s  i n  e a c h  d e s -  
t i n a t i o n  zone .  
by t h e  s t a n d a r d i z e d  m o r t a l i t y  r a t i o  ( S I R i )  i n  e a c h  r e g i o n  zone.  
An SMR i n  i i s  d e f i n e d  a s  
S M R ~  = ' Mil/ C r P  
1 1 1 il 
where M i s  t h e  a c t u a l  number o f  d e a t h s  i n  age - sex  c a t e g o r y  1, il 
Pil i s  t h e  p o p u l a t i o n  i n  i and r i s  t h e  n a t i o n a l  age - sex  spe -  1 
c i f i c  d e a t h  r a t e .  I f  a n  SMRi i s  g r e a t e r  t h a n  o n e ,  t h e  number 
o f  d e a t h s  a r e  g r e a t e r  t h a n  e x p e c t e d ,  and t h e r e f o r e i t h e  r e s p o n s e  
w i l l  be  t o  i n t r o d u c e  a  g r e a t e r  p a t i e n t - g e n e r a t i n g  p o t e n t i a l  i n  
zone i. T h i s  a p p r o a c h  h a s  been  t e s t e d  w i t h  i n i t i a l  s u c c e s s  i n  
Mayhew and T a k e t  ( 1 9 8 0 ) ,  and  more r e s e a r c h  i n  i n  p r o g r e s s .  
5 . 2 .  Resource  A v a i l a b i l i t y  
The second  c a t e g o r y  o f  s u b d e l s  c o n c e r n s  r e s o u r c e s  a s  mea- 
s u r e d  i n  terms o f  c a s e l o a d s .  The number o f  c a s e s  t h a t  c a n  be  
t r e a t e d  i n  a  d e s t i n a t i o n  zone i s  a  f u n c t i o n  o f  t h e  a v a i l a b l e  
beds  and t h e  e f f i c i e n c y  w i t h  which p a t i e n t s  c a n  be  t r e a t e d .  
From F i g u r e s  1 and 2 it i s  s e e n  t h a t  t h e  r e s o u r c e  v a r i a b l e  i s  
t r e a t e d  s l i g h t l y  d i f f e r e n t l y  i n  e a c h  c a s e .  Both RAMOS and 
RAMOS-I , however ,  r e l y  on e s t i m a t e s  o f  t h e  a v e r a g e  l e n g t h  o f  
s t a y  i n  e a c h  s p e c i a l t y  and  t h e  t u r n o v e r  i n t e r v a l  ( d e f i n e d  a s  
t h e  a v e r a g e  l e n g t h  o f  t i m e  between d i s c h a r g e  and a d m i s s i o n  o f  
a  new p a t i e n t ) .  T h e r e  i s  a  d e c r e a s e  i n  l e n g t h s  of s t a y  i n  some 
s p e c i a l t i e s ,  and t h e r e f o r e  it i s  d e s i r a b l e  t o  i n t r o d u c e  t h i s  
t r e n d  i n t o  t h e  c a s e l o a d  e s t i m a t e s  (see Appendix B ) .  Turnover  
i n t e r v a l s  a r e  a l s o  n o t  c o n s t a n t ;  t h e s e ,  t o o ,  w i l l  r e q u i r e  
s i m p l e  a n a l y s i s  (LiIPC, 1979, and  Appendix B ) .  
The fundamen ta l  r e l a t i o n s h i p  i n  a  s p e c i a l t y  between c a s e s ,  
b e d s ,  and t h r o u g h p u t  i s  
whereBmtis  t h e  number o f  b e d s  i n  s p e c i a l t y  m i n  t ime  t i  dmt t h e  
number o f  c a s e s ,  R t h e  a v e r a g e  l e n g t h  o f  s t a y  between a d m i s s i o n  !nt 
and  d i s c h a r g e ,  and  tmt t h e  t u r n o v e r  i n t e r v a l .  I n  RAMOS an  e s t i m a t e  
o f  t o t a l  c a s e l o a d s  D i s  r e q u i r e d  by d e s t i n a t i o n - i n  t h e  s p e c i a l -  j t 
t i e s  of  i n t e r e s t .  T h i s  i s  
Both emt and tmt a r e  assumed t o  be based on n a t i o n a l  t r e n d s ,  b u t  
i f  l o c a l  c o n d i t i o n s  predominate  o r  med ica l  e x p e r t s  d i s a g r e e  w i t h  
t h e  s t a t i s t i c a l  f o r e c a s t s ,  t h e n  t h e  e s t i m a t e s  can  be a d j u s t e d  
a c c o r d i n g l y .  A t  t h i s  p o i n t  proposed e x p a n s i o n s  o r  c o n t r a c t i o n s  
i n  bed a v a i l a b i l i t y  a r e  a l s o  i n t r o d u c e d  t o  g i v e  a  r e v i s e d  mea- 
sure Of D j t -  
I n  RAMOS-I t h e  same p rocedure  a p p l i e s  e x c e p t  t h a t  t h e  re- 
s o u r c e  a v a i l a b i l i t y  i s  e s t i m a t e d  o v e r  t h e  whole r e g i o n  and n o t  
f o r  each  d e s t i n a t i o n  
Here B m t i s  t a k e n  a s  t h e  a g g r e g a t e  r e g i o n a l  bed f o r e c a s t  i n  each  
s p e c i a l t y .  The problem i n  -RAMos-' i s  t o  d i v i d e  Q t  i n t o  d e s t i n a -  
t i o n s ,  b u t  i n  a  way t h a t  u n r e a s o n a b l e  changes  i n  D do n o t  resul t .  j 
C o n s t r a i n t s  on i n p u t  i n t o  t h e  model are therefore placed on the practi- 
c a b l e  changes  t h a t  can  be made. For  example,  suppose t h a t  i n  j  
an i n c r e a s e  o f  o v e r  +p  p e r c e n t  i n  r e s o u r c e  l e v e l s  i s  r e g a r d e d  
by t h e  d e c i s i o n  maker a s  unmanageable i n  a  p l a n n i n g  p e r i o d ,  t h e n  
t h e  c o n s t r a i n t s  a r e  set  a s  
where t i s  t h e  t i m e  h o r i z o n .  
5 .3 .  A c c e s s i b i l i t y  C o s t s  
A c c e s s i b i l i t y  c o s t s  e x p r e s s  t h e  d i f f i c u l t y  o f  someone i n  
zone i b e i n g  a d m i t t e d  a s  a  p a t i e n t  i n  t r e a t m e n t  zone j .  I n  
any HCS t h e  r o u t e  by which a  p a t i e n t  c h o o s e s ,  o r  i s  r e f e r r e d  
t o ~ a  p a r t i c u l a r  d e s t i n a t i o n  may be complex. I n  some c a s e s  t h e  
d e c i s i o n  t o  u s e  one p l a c e  r a t h e r  t h a n  a n o t h e r  w i l l  be s imple  
and based wholly on convenience;  i n  o t h e r s ,  it may be t h e  re- 
s u l t  of  a  s e r i e s  of  r e f e r r a l s  from a  g e n e r a l  p r a c t i t i o n e r  and 
from s p e c i a l i s t s  lower i n  t h e  HCS h i e r a r c h y .  In st i l l  other cases, 
t h e  p a t i e n t  may be t a k e n  i n  an  emergency t o  a  d e s t i n a t i o n  un- 
r e l a t e d  t o  h i s  p l a c e  of  r e s i d e n c e .  T h i s  whole p r o c e s s  i s  t h u s  
ex t remely  d i f f i c u l t  t o  model a s  one measure.  N e v e r t h e l e s s ,  re- 
s e a r c h  h a s  shown (Mayhew and Taket  1980) t h a t  s i m p l e  journey 
t i m e ,  o r  modi f i ed  d i s t a n c e ,  a c t  a s  good s u r r o g a t e s ,  i n d i c a t i n g  
t h a t  convenience  o f  a c c e s s  i s  s t i l l  t h e  dominant c o n s i d e r a t i o n  
i n  most i n s t a n c e s .  I t  i s  n o t  d i f f i c u l t ,  however, t o  s t a t e  oc- 
c a s i o n s  f o r  which t h i s  i s  always  u n t r u e  o r  f o r  when some modif i -  
c a t i o n  i s  a p p r o p r i a t e .  For  i n s t a n c e ,  i n  h e a l t h  c a r e  sys tems 
where a  mixed p u b l i c - p r i v a t e  sys tem of  h o s p i t a l s  e x i s t s ,  some 
d e s t i n a t i o n s  w i l l  b e  " c l o s e d "  t o  p a r t  o f  t h e  p o p u l a t i o n .  Acces- 
s i b i l i t y  c o s t s  f o r  t h e  " c l o s e d "  f a c i l i t i e s  a r e ,  i n  t h i s  i n s t a n c e ,  
e f f e c t i v e l y  i n f i n i t e .  There a r e ,  however, s i m p l e  ways o f  hand- 
l i n g  t h i s  i n  RAtIOS which w i l l  b e  o f  v a l u e  when a p p l y i n g  t h e  
model i n  c o u n t r i e s  w i t h  more market-based h e a l t h  c a r e  sys tems ,  
o r  f o r  r e p r e s e n t i n g  o t h e r  t y p e s  o f  a c c e s s i b i l i t y  b e h a v i o r .  
These w i l l  b e  d i s c u s s e d  a t  a  l a t e r  d a t e .  
I n  t h e  a p p l i c a t i o n s  o f  RAMOS-I shown below, t h e  a c c e s s i b i l -  
i t y  measures developed i n  Mayhew and Take t  (1980) a r e  r e t a i n e d  
f o r  e x p o s i t i o n  purposes .  These measures and t h e i r  d e r i v a t i o n  
a r e  f u l l y  d i s c u s s e d  i n  t h i s  r e f e r e n c e .  The UK i n - p a t i e n t  sec -  
t o r  t h a t  i s  p r i v a t e  i s  r e g a r d e d  a s  n e g l i g i b l e  i n  t h i s  a p p l i c a -  
t i o n  and i s  n o t  c o n s i d e r e d  f u r t h e r .  
6 .  RAMOS-' : THE STRUCTURE AND A SOLUTION METHOD 
The o b j e c t i v e  o f  RAMos-I i s  t o  choose r e s o u r c e  c o n f i g u r a -  
t i o n s  such  t h a t  t h e  p a t i e n t s  g e n e r a t e d  i n  each  i a r e  i n  propor-  
t i o n  t o  t h e  r e l a t i v e  needs o f  i. R e s t a t i n g  t h e  b a s i c  model w e  
have,  
The p r e d i c t e d  number o f  p a t i e n t s  g e n e r a t e d  by i i s  hence ,  
S i n c e  W i t  a n  i n d e x  o f  p a t i e n t  g e n e r a t i n g  p o t e n t i a l ,  i s  i n  t h i s  
c a s e  t h e  e x p e c t e d  number of  p a t i e n t s ,  t h e  e x p r e s s i o n  
i s  t h e r e f o r e  t h e  r a t i o  i n  i o f  t h e  p r e d i c t e d  t o  t h e  e x p e c t e d .  
More i m p o r t a n t l y ,  it i s  a l s o  t h e  r a t i o  of  t h e  p r e d i c t e d  s e r v i c e  
l e v e l s  t o  t h e  r e l a t i v e  need ,  and ,  a s  w e  have d e f i n e d  i t ,  t h e  ob- 
j e c t i v e  i s  t o  e n s u r e  t h a t  t h i s  r a t i o  i s  c o n s t a n t  i n  a l l  o r i g i n s  
i by choos ing  t h e  a p p r o p r i a t e  v a l u e s  f o r  D . However, t h i s  j  
q u a n t i t y  c a n n o t  be c a l c u l a t e d  d i r e c t l y  w i t h o u t  a p r i o r i  knowledge 
o f  t h e  s e r v i c e  p r e d i c t i o n ,  T i j .  F o r t u n a t e l y ,  it i s  c o m p l e t e l y  
ana logous  t o  b a s e  t h e  e s t i m a t i o n  o f  t h i s  r a t i o  on t h e  t o t a l  re- 
s o u r c e s  a v a i l a b l e  i n  t h e  sys tem,  Q,  and W i .  Thus,  a  new 
term a i s  d e f i n e d  which i s  g i v e n  by 
T h i s  i s  s imply  t h e  t o t a l  resources divided by the t o t a l  r e l a t i v e  n e e d s  
i n  t h e  r e g i o n  o f  i n t e r e s t .  I f  Q r e f l e c t s  r e s o u r c e  a v a i l a b i l i t y  
o v e r  t h e  whole c o u n t r y l a n d  i f  t h e  g e n e r a t i n 7  f a c t o r s  a r e  based  on 
t h e  e x p e c t e d  number o f  p a t i e n t s ,  t h e n  a w i l l  be one .  I f  Wi i s  
c a l c u l a t e d  i n  a n o t h e r  way t h i s  r e s u l t  w i l l  n o t  f o l l o w  automatical ly.  
Taking i n t o  a c c o u n t  t h e  c o n s t r a i n t s  on change p e r m i t t e d  a t  
e a c h  d e s t i n a t i o n ,  t h e  r e f o r m u l a t e d  problem can now be w r i t t e n  a s  
s u b j e c t  t o  
and 
This says:  Choose Di t o  minimize t h e  square  of  t h e  d i f f e r e n c e s  
2 
over  a l l  o r i g i n s  between t h e  two r a t i o s .  The use  o f  t h e  "square"  
i s  t o  avoid ( a s  i n  o rd ina ry  l e a s t  squares  r e g r e s s i o n  1 t h e  
problems wi th  mixed nega t ive  and p o s i t i v e  s i g n s .  The c o n s t r a i n t s  
a r e  on each d e s t i n a t i o n l a n d  they  a r e  f i x e d  a s  a p p r o p r i a t e .  The 
t o t a l  r e sou rces ,Q ,can  apply t o  t h e  whole r e g i o n ,  o r  t o  a s u b s e t  
L of it (see a l s o  s e c t i o n  7 . 3 ) .  I f  it is only a  subset then t h e  quan- 
t i t y  1 W .  should apply over  an  e q u i v a l e n t  s u b s e t .  P u t t i n g ,  
i 1 
- Bc:- 
where 
expanding ( 1 4 )  , and ignor ing  t h e  c o n s t a n t  term ma2, where m i s  t h e  
number of o r i g i n s ,  we o b t a i n  
where D and D~ is  t h e  vec to r  of r e sou rces  and i t s  t r anspose .  
- - 
and - D~ = [D l  D 2 , . .  ,7 
""j ' "  . ] ( 1 9 )  n 
A i s  a symmetric ma t r ix  composed of t h e  fol lowing e lements ,  
( 1 8 )  i s  A i t s e l f .  T h i s  m a t r i x  i s  p o s i t i v e  d e f i n i t e  i n  all b u t  
a few v e r y  s p e c i a l  cases t h a t  a r e  u n l i k e l y  t o  be m e t  i n  p r a c t i c e .  
T h i s  i n d i c a t e s  t h a t  g l o b a l  minima a r e  o b t a i n a b l e  f o r  t h e  r a n g e  
of  u s e  a n t i c i p a t e d .  
The re  are a  number o f  methods f o r  s o l v i n g  q u a d r a t i c  p ro -  
gramming p rob lems  b a s e d  on  l i n e a r  programming t e c h n i q u e s  ( B e a l e ,  
1967; D a n t z i g ,  1 9 6 3 ) .  The p r e s e n t  method u s e s  a n  a l g o r i t h m  by 
F l e t c h e r  (1970,  1971)  which a v o i d s  t h i s  dependence .  The second 
r e f e r e n c e  p r o v i d e s  f u r t h e r  d e t a i l s .  B r i e f l y ,  however ,  t h e  a l -  
g o r i t h m  o p e r a t e s  by r e t a i n i n g  a  b a s i s  o f  i n e q u a l i t y  c o n s t r a i n t s  
( a c t i v e  c o n s t r a i n t s )  w h i c h a r e  t r e a t e d  a s  e q u a l i t i e s .  The c u r -  
r e n t  a p p r o x i m a t i o n  o f  - D i s  t h e  minimum s u b j e c t  t o  t h e s e  con- 
s t r a i n t s  and  i s  a  f e a s i b l e  p o i n t .  A s y s t e m a t i c  a d j u s t m e n t  o f  
t h e  b a s i s  t h e n  f o l l o w s  u n t i l  - D becomes t h e  r e q u i r e d  s o l u t i o n .  
A g e o m e t r i c  d e p i c t i o n  g i v e s  a n  i n t u i t i v e  f e e l  f o r  t h e  p r o -  
blem i n  t h e  s i m p l e s t  o f  cases . :  2 o r i g i n s  and 2 d e s t i n a t i o n s .  
I n  F i g u r e  3 a ,  D l  and D2 are p l o t t e d  on t h e  h o r i z o n t a l  and  
v e r t i c a l  a x e s .  V a l u e s  o f  F a r e  r e p r e s e n t e d  a s  c o n t o u r s  i n  t h e  
p l a n e .  AB i s  t h e  r e s o u r c e  c o n s t r a i n t  Q. A miniumum of  F i s  
found when t h e  v e c t o r  o f  f i r s t  d e r i v a t i v e s  d i s a p p e a r s .  I n  
t h e  g e n e r a l  c a s e ,  t h i s  i s  
For  t h e  2 x 2 c a s e ,  i t  i s  
T b is the transpose of the vector b in which the elements are 
- -
Similarly ( 1  5 )  and ( 1  6 )  can be written in matrix notation 
and 
where cT is a 1  x n vector transpose with all the elements set 
- 
equal to one. Equations ( 1 8 ) ,  ( 2 2 ) ,  and ( 2 3 )  have now been put 
into the standard form expected by a general quadratic program- 
ming algorithm. The matrix of second derivatives or Hessian of 
Matrix equation (25) is represented in the diagram by two 
straight lines EF and GH along which aF/aD1 = 0 and aF/aD2 = 0. 
Where they intersect is the absolute minumum of F and hence the 
required solution. Through this point, too, must pass D1+D2=Q, 
the resource constraint. Solving this minimum in the two des- 
tination case, we find 
where D; and D; are the coordinate values of Fmin in Figure 3a. 
For the equality of resource allocation in each destination 
(i.e. Dl = D2), it is seen that this occurs when 
On the other hand, for a value of D l  or D2 equal to zero, Fmin 
is simply a corner point (either B or A). A further result is 
that, if there are no active constraints on D or D2 other than 1 
(23), proportionate increases/decreases in Q cause proportionate 
increases/decreases in D and D2 (Figure 3a). This may be veri- 1 
fied by writing equations (26) and (27) explicitly, and observing 
that Q acts in both cases as a scaling factor. 
In the case when lower bounds apply to each destination 
value,the plane is divided into a feasible and an infeasible 
region (shaded) as shown in Figure 3b. It is seen that only the 
constraints fixing the lower bound of Dl and the total resources 
Q are active. Here, the constraints on destination allocations 
are represented by the vertical and horizontal lines JK(D1) and 
MN (D2) . The minimum still lies along AB (the Q equality constraint), 
but it cannot go lower than Ffinal since at this point Dl (min) 
becomes active. The required resource allocations are thus the 
I 
coordinates (Dl , D2) of Ffinal. 
Uncons t ra ined  
s o l u t i o n  
C o n s t r a i n e d  
s o l u t i o n  
(mi n )  
S o l u t i o n  when 
Q i n c r e a s e s  
t o  Q '  
Q = T o t a l  r e s o u r c e  
c o n s t r a i n t ;  
Fmin = Absolu te  minimum o f  
o b j e c t i v e  f u n c t i o n ;  
= C o n s t r a i n e d  minimum 
F ~ a l  o f  o b j e c t i v e  f u n c t i o n ;  
D '  D l -  S o l u t i o n  v a l u e s  t o  1' 2- t h e  d e s t i n a t i o n  c a s e  
a l l o c a t i o n s  
F i g u r e  3 .  T h r e e  s o l u t i o n s  f o r  t h e  2 - o r i g i n ,  2 - d e s t i n a t i o n  
prob lem.  
All of these results may be generalized to many destinations. 
Their main value is to show precisely how the model is working. 
More important,however, are the empirical results and whether 
the solutions to equation (14) are demonstrably more efficient 
than those obtained by trial and error (i.e. by using RAMOS). 
7. RAMos-I: THE APPLICATION 
In this section we apply RAMOS-' to four, completely hypo- 
thetical and somewhat exaggerated planning scenarios and then 
analyze the results. Other scenarios which stretch the per- 
formance of the model either more or less have been chosen and 
solved with comparable effectiveness. Also discussed is the 
important issue of the sensitivity of the model's predictions 
to changes in the parameter value B .  This is examined below 
(section 7.6.). It should be stressed, however, that despite 
very encouraging results in all applications to date, these 
are still the early stages in the development of RAMOS-I. A 
sample of the computer output is shown in Appendix C. 
7.1. The London Problem 
The inner parts of London, as in many cities, have been 
experiencing gradual depopulation for many years. The impact 
that this has had on hospital services can be gauged from 
Figure 4, which shows the change in the distribution of hos- 
pi tal beds be tween 1 9 5 1 and 1 9 7 1 . It is true to say that until recently 
fewof the plans for reallocations which have taken place in this 
period have paid proper regard to complex interaction effects 
between the supply of in-patient hospital services and their 
demand in each part of the city (RAWP, 1976), so that according 
to the principle of 'relative need' at least, the resultant 
pattern of services has left much to be desired. On the other 
hand, London is a national and international center for medical 
and dental education and research which depends very heavily on 
the existing hospital system for teaching needs. This is a 
most important consideration. In spite of this and other 
reasons, there is substantial pressure on the Regional Health 
Authorities responsible for the city to reduce the level of acute 
services, and to develop instead services in the areas surrounding 

London and elsewhere. Nevertheless, it should be noted that 
despite this pressure small increases in total resource avail- 
ability,Q,still cannot be entirely ruled out because of the 
throughput effect caused by falling lengths of stay. These 
considerations are broadly reflected in the chosen scenarios. 
7.2. The Scenarios 
The four scenarios assume the following: 
I .  No change in the patient generating potentials or the 
resource level Q; a permissible maximum loss of re- 
sources not exceeding 25% in each destination; and no 
upper bounds on the destination gains 
2. No change in patient generating potential; a 10% de- 
crease in Q; a permissible loss of resources not ex- 
ceeding 25% in each destination; and no upper bounds 
on gains 
3. No change in patient generating potential; a 10% in- 
crease in Q; a permissible loss of resource not ex- 
ceeding 5% in each destination; and no upper bounds on 
gains 
4 4. A large increase (+I0 ) in the patient generating po- 
tential in outer parts of the city; a 10% increase in 
Q; a permissible loss of resources not exceeding 25% 
in each destination; and no upper bounds on gains 
Scenario 1 is designed to test the current resource con- 
figuration against the outputs of the model. The 25% maximum 
permissible reduction in each destination is arbitrary and used 
simply for test purposes. Scenarios 2 and 3 look at the impli- 
cations of a resource decrease or increase, while in 3 the 
constraints have been made more stringent than before to see 
how much improvement results when the permitted change is small. 
In 4 the pfg (Wis) and the resource levels are readjusted (by a 
particularly large amount for the pgfs to see what the model does 
when it is "stretched"). In none of the scenarios has the upper 
bound been fixed. This is in order to find where the maximum 
shortfalls in resources exist. 
7 .3 .  I n t e r p r e t a t i o n  o f  t h e  O u t p u t s  
The o u t p u t s  f rom RAMos-1 w i l l  be i n t e r p r e t e d  i n  t h e  forms 
o f  a  map, two s c a t t e r g r a m s  and a  b a r - c h a r t  o f  which t h e  s c a t t e r -  
grams a r e  t h e  most  i m p o r t a n t  f o r  v a l i d a t i n g  t h e  s o l u t i o n .  These 
g r a p h s  show t h e  r e l a t i o n s h i p  -- b o t h  b e f o r e  and  a f t e r  t h e  a p p l i -  
c a t i o n  o f  RAMOS-I -- between t h e  p a t i e n t s  g e n e r a t e d  i n  i 
(i  l . , T ) and t h e  r e l a t i v e  need  i n  i s c a l e d  by ( i  .e .  , aWi) . j i j  
I f  t h e  method i s  s u c c e s s f u l ,  a  l i n e a r  e q u a t i o n  f i t t e d  t o  t h e  
s c a t t e r  s h o u l d  a lways  r e t u r n  a  s l o p e  o f  one  w i t h  a  z e r o  i n t e r -  
c e p t .  T h i s  i n d i c a t e s  t h a t  a  one  t o  one  c o r r e s p o n d e n c e  h a s  been 
o b t a i n e d  i n  a l l  o r i g i n  zones  a s  a  r e s u l t  o f  t h e  r e s o u r c e  re- 
a l l o c a t i o n  p r o c e s s .  I f  t h e  c o e f f i c i e n t  e x p l a n a t i o n  R2 i s  one  
t o o ,  t h e n  t h e  o b j e c t i v e  f u n c t i o n  w e  have  s e t  h a s  been m e t  ex-  
act ly .  EScperience h a s  shown t h a t  t h e  r e q u i r e d  p a r a m e t e r s  o f  t h e  
e q u a t i o n  n e a r l y  a lways  r e s u l t  t o  w i t h i n  t h e  a c c e p t a b l e  l i m i t s  
of  e r r o r .  S l o p e  b i a s  somet imes  o c c u r s  i n  c a s e s  where a  p a r t i -  
c u l a r  c o n s t r a i n t  -- s a y  on l a r g e  e x t s r n a l  zones  -- domina te s  
t h e  o t h e r s  t o  a  large d e g r e e .  The s o l u t i o n  t o  t h i s  problem h a s  
been t o  r e d e f i n e  Q s o  t h a t  it a p p l i e s  o n l y  t o  o v e r  a  s u b s e t  o f  
t h e  r e g i o n ,  s u c h  a s  t h e  s t u d y  a r e a  o f  i n t e r e s t  (see below,  
s e c t i o n  7 . 5 ) .  The v a l u e  o f  R 2  o b t a i n e d  depends  on t h e  s e v e r i t y  
o f  t h e  c o n s t r a i n t s .  I f  t h e y  a r e  n o t  p a r t i c u l a r l y  s t r i n g e n t ,  it 
w i l l  be c l o s e  t o  one .  P J o n e t h e l e s s ,  i t  i s  i n t e r e s t i n g  t h a t  even  
w i t h  s t r i n g e n t  r e s t r i c t i o n s  ( a s  i n  s c e n a r i o  3 1 ,  w ~ r t h w h i l e  r e su l t s  
a r e  s t i l l  o b t a i n e d .  
7 .4 .  The R e s u l t s  
The model was a p p l i e d  t o  33 o r i g i n  zones  ( a d m i n i s t r a t i v e  
b o r o u g h s )  and 36 d e s t i n a t i o n  zones  ( H e a l t h  D i s t r i c t s )  i n  t h e  
a r e a  c o v e r e d  by t h e  G r e a t e r  London C o u n c i l  (GLC) ( F i g u r e  5 ) .  
The d e s t i n a t i o n  zone  numbering s y s t e m  d i f f e r s  f rom t h a t  u sed  
i n  Mayhew and T a k e t  ( 1 9 8 0 )  and a  new key i s  a t t a c h e d  ( T a b l e  1 ) .  
The a r e a  o u t s i d e  t h e  GLC i s  now r e p r e s e n t e d  by one  v e r y  l a r g e  
o r i g i n  and d e s t i n a t i o n  zone.  T h i s  r e d u c t i o n  was found t o  be 
n e c e s s a r y  i n  d e v e l o p m e n t a l  r u n s  o f  t h e  model t o  r e d u c e  t h e  
A )  O r i g i n  z o n e s  
D e s t i n a t i o n  
F i g u r e  5 .  T h e  G r e a t e r  London C o u n c i l :  d e f i n i t i o n  o f  z o n e s .  
T a b l e  1 .  Key to F i g u r e  5 .  
O r i g i n  D e s t i n a t i o n  
1 Barnet  24 Bromley 1 Barnet  24 West Roding 
2 Brent  25 Lambeth 2 Edgware 25 Bexley 
3 Harrow 26 Lewisham 3 Brent  26 Greenwich 
4 E a l i n g  27 Southwark 4 Harrow 27 Bromley 
5 Hammersmith 28 Croydon 5 Hounslow 28 St.Thomast 
6 ~ o u n s l o w  29 Kingston 6 South Hammersmith 29 Kings 
7 Hi l l ingdon  30 Richmond 7 Ncrth Hammersmith 30 Guys 
8 Kens & Chelsea  31 Merton 8 E s l i n g  31 Lewisham 
9 Westminster 32 s u t t o n  9 Hi l l ingdon  32 Croydon 
10 Barking 33 Wandsworth 10 KCW ~ o r t h w e s t *  33 Kingston 
11 Havering 34 o t h e r  1 1  KCW Nor theas t  34 Roehampton 
12 Camden 12 KCW South 35 W a n d s w o r t h / ~ a s t  Merton 
13 I s l i n g t o n  13 Barking 36 ~ u t t o n  
14 C i t y  14 Havering 37 Other  
15 Hackney 15 North Camden 
16 Newham 16 South Camden 
17 Tower Hamlets 17 I s l i n g t c n  
18 E n f i e l d  18 C i t y  
19 Haringey 19 Newham 
20 Redgridge 20 Tower Hamlets 
21 Waltham F o r e s t  21 E n f i e l d  
22 Bexley 22 Haringey 
23 Greenwich 23 E a s t  Roding 
* 
K / C / W  = Kensington,  Che l sea ,  and Westminster 
t o e s t i n a t i o n s  2 8 ,  29, 30 a r e  named a f t e r  t e a c h i n g  h o s p i t a l s  w i t h i n  t h e  d i s t r i c t s .  
c o m p u t a t i o n a l  s i z e  o f  t h e  problem.  The p a r a m e t e r  v a l u e  used  
i n  t h e  e x p e r i m e n t s  d e s c r i b e d  i s  c a l i b r a t e d  from ' M a t r i x  3 ' ,  
t h e  d e t a i l s  o f  which a r e  a l s o  i n  t h e  l a s t  r e f e r e n c e .  I t  e q u a l s  
0 .367 .  F i g u r e  6 ,  which  is  a  p l o t  f r3m t h e  same r e f e r e n c e  o f  p r e -  
d i c t e d  f l o w s  E T .  . I ,  on actual  flows E N .  . I ,  shows the  goodness-of - f i t  
1 7  1 7  
o b t a i n e d  w i t h  t h i s  m a t r i x  d u r i n g  t h e  c a l i b r a t i o n  s t a g e  o f  RAMOS. 
The GLC h a s  a  p o p u l a t i o n  o f  a b o u t  s e v e n  x i l l i o n ,  and t h e  
h o s p i t a l s  w i t h i n  it t r e a t e d  923,618 i n - p a t i e n t  c a s e s  i n  23 a c u t e  
s p e c i a l t i e s  i n  1977. The r a t i o  a o f  Q t o  t h e  t o t a l  p a t i e n t  gene-  
r a t i n g  p o t e n t i a l  i n  t h i s  a r e a  i s  1 . 5 7 . ( T h e  e x t e r n a l  zone ,  34 ,  i s  
n o t  i n c l u d e d  i n  t h e  d e f i n i t i o n  o f  a.) T h i s  f i g u r e  i s  u s e d  i n  t h e  
no-change s c e n a r i o  ( s c e n a r i o  0 )  and a s  a  s c a l i n g  f a c t o r  i n  t h e  
' b e f o r e '  g r a p h  which i s  t h e  same i n  a l l  c a s e s .  A l s o  p r e s e n t e d  i n  
t h e  r e s u l t s  a r e  t h e  f i n a l  v a l u e s  o f  t h e  o b j e c t i v e  f u n c t i o n  and 
t h e  t h e o r e t i c a l  minima. Because  w e  i g n o r e  t h e  c o n s t a n t  t e r m ,  t h e  
f u n c t i o n  [see e q u a t i o n  (1811 h a s  a  t h e o r e t i c a l  minimum o f  n o t  z e r o  
b u t  -ma2, where m i s  t h e  number o f  o r i g i n s .  I n  s c e n a r i o  I ,  
t h e r e f  o r e  
7 . 5 .  S c a t t e r g r a m s :  P r e d i c t e d  P a t i e n t s  v e r s u s  R e l a t i v e  Need 
T a b l e  2 shows t h e  main r e s u l t s  o f  t h e  model .  A s  i s  s e e n ,  a  
c l e a r  improvement o v e r  t h e  c u r r e n t  r e s o u r c e  c o n f i g u r a t i o n  ( s c e n a -  
r i o  0) i s  o b t a i n e d  i n  e a c h  o f  t h e  f o u r  s c e n a r i o s .  The s l o p e  v a l u e s  
b  ( t h e  a s s o c i a t e d  " t " - t e s t  s t a t i s t i c s  a r e  i n  b r a c k e t s  u n d e r n e a t h )  
a r e  a l l  e x t r e m e l y  c l o s e  t o  t h e  d e s i r e d  v a l u e  o f  o n e ;  w h i l e  t h e  
i n t e r c e p t  v a l u e s  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t l y  d i f f e r e n t  
from z e r o .  I n  o t h e r  words ,  t h e  model  h a s  pe r fo rmed  a s  it s h o u l d  
i n  e a c h  c a s e .  The a s s o c i a t e d  s c a t t e r g r a m s  f o r  e a c h  s c e n a r i o  shown 
i n  F i g u r e s  7  t o  11 g i v e  added c o n f i r m a t i o n  o f  t h i s .  From scenario 
3 , i t  i s  s e e n  t h a t , a s  e x p e c t e d ,  t h e  more s t r i n g e n t  t h e  c o n s t r a i n t s ,  
t h e  l ower  t h e  v a l u e  o f  R ~ .  ~ l s o  t h e  o b j e c t i v e  f u n c t i o n  Ffinal i s  
more d i s t a n t  f rom i t s  t h e r o e t i c a l  minimum. F i n a l l y ,  the  reallocations 
OBSERVED PATIENT FLOWS x 103 
F i g u r e  6 .  ' l ~ o u r  Thames ~ e g i o n s " ~ o d e 1 :  A p l o t  o f  p r e d i c t i o n  
on e x p e c t e d  p a t i e n t  f l o w s  f o r  e a c h  o r i g i n -  
d e s t i n a t i o n  p a i r .  
( S o u r c e :  Mayhew and  T a k e t ,  1980:38)  
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Figure 7. Scenario 0: Existing allocations before the 
application of RAEIOS'~. 
Figure 8. Scenario I :  Existing allocations revised 
by RAMOS-1. 
F i g u r e  9 .  S c e n a r i o  2 :  A d e c r e a s e  i n  r e s o u r c e s  
a p p l y i n g  RAMOS-' . 
F i g u r e  1 0 .  S c e n a r i o  3:  An i n c r e a s e  i n  r e s o u r c e s  
a p p l y i n g  RAMOS-I . 
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F i g u r e  1 1 .  S c e n a r i o  4 :  An i n c r e a s e  i n  r e s o u r c e s  and  - 1 
p a t i e n t  g e n e r a t i n g  p o t e n t i a l  a p p l y i n g  W I O S  . 
recommended by t h e  model r e s u l t  i n  s m a l l  d e c r e a s e s  i n  t h e  a v e r a q e  
a c c e s s i b i l i t y  c o s t s  t o  t h e  p o p u l a t i o n  i n  a l l  t h e s e  examples .  
7 .6 .  B a r  C h a r t s :  P e r c e n t a g e  Changes i n  O r i g i n s  and D e s t i n a t i o n s  
F i g u r e s  1 2  t o  15 are b a r  c h a r t s  showing t h e  i m p l i e d  p e r c e n t -  
age  change  i n t h e  r e s o u r c e s  a l l o c a t e d  t o  e a c h  d e s t i n a t i o n  recom- 
mended unde r  t h e  f o u r  s c e n a r i o s ,  t o g e t h e r  w i t h  t h e  p r e d i c t e d  
p e r c e n t a g e  change  i n  the p a t i e n t s  g e n e r a t e d  i n  e a c h  o r i g i n .  
A compar i son  w i t h  t h e  maps i n  F i g u r e  5  shows where t h e  main 
changes  a r e  t a k i n g  p l a c e .  I n  a l l  s c e n a r i o s  ( r e g a r d l e s s  o f  an  
i n c r e a s e  o r  a  d e c r e a s e  i n  Q )  a  l o s s  o f  r e s o u r c e s  up t o  t h e  p e r -  
m i t t e d  maximum o c c u r s  i n  t h e  inne r -mos t  d e s t i n a t i o n  zones :  10 ,  
1 1 ,  1 2 ,  1 6 ,  17,  18 ,  20,  and 30 ,  b u t  i n t e r e s t i n g l y  n o t  i n  28 
which i s  e l o n g a t e d  i n  s h a p e  and  h a s  one  f o o t  a l m o s t  i n  t h e  
s u b u r b s .  The maximum g a i n s  o c c u r  i n  t h e  ou te r -mos t  z o n e s ,  
p a r t i c u l a r l y  i n  5 ,  1 4 ,  23,  2 4 ,  and 32. The p i c t u r e  p r e s e n t e d ,  
t h e r e f o r e ,  i s  one o f  r e s o u r c e  t r a n s f e r r a l  from t h e  c e n t e r  t o  t h e  
p e r i p h e r y  o f  t h e  c i t y .  The re  a r e  two e x c e p t i o n s  t o  t h i s ,  however ,  
which a r e  e v i d e n t  f rom capa r i sons  with the no-change scenario ( F i v e  10) . 
These are zones 1 and 2 which e x p e r i e n c e  s m a l l  d e c r e a s e s .  A s i m i l a r  
se t  of  exchanges  t a k e s  p l a c e  w i t h  r e g a r d  t o  p a t i e n t s  g e n e r a t e d ,  
b u t  i n  p e r c e n t a g e  t e r m s  t h e  a d j u s t m e n t s  a r e  g e n e r a l l y  much 
s m a l l e r .  For  r e c i p i e n t  zones  where t h e  r e s o u r c e  g a i n s  a r e  
v e r y  l a r g e ,  t h e r e  would a p p e a r  t o  be a  prima facie case for a  substant ia l  
e n l a r g e m e n t  of the e x i s t i n g  h o s p i t a l  f a c i l i t i e s .  I n  s c e n a r i o  
I ,  f o r  i n s t a n c e ,  I n c r e a s e s  o f  o v e r  60% a r e  g i v e n  t o  zones  1 4 ,  
23,  25,  and  32. These  t r e n d s  a r e  emphas ized  when t h e  r e s o u r c e  
l e v e l  Q i s  d e c r e a s e d  ( s c e n a r i o  2 )  and i n c r e a s e d  ( s c e n a r i o  3 )  
b u t  i n  r e v e r s e  d i r e c t i o n s .  I n  s c e n a r i o  3,  it i s  i n t e r e s t i n g  
t o  n o t e  t h a t  s u b s t a n t i a l  improvements  a r e  p o s s i b l e ,  when zones  
a r e  a s k e d  t o  g i v e  up a  maximum o f  o n l y  5% o f  t h e i r  r e s o u r c e s  
assuming a  10% i n c r e a s e  i n  Q o v e r a l l .  I n  s c e n a r i o  4 ,  v e r y  
4 l a r g e  (+I0 ) a d d i t i o n s  a r e  made t o  t h e  p g f s  i n  o r i g i n  zones  1 ,  
2 , 7 , 1 1 , 1 8 , 2 2 , 2 9 , a n d  3 2 . A l l  o f  t h e s e  e x c e p t  2 are a t  t h e  edge  o f  t h e  
Scenario I :  Percentage change on resource levels  i n  j 
n 
+ 20 
% Change 
10 20 
ZONE NUMBER 
Scenario I :  Percentage change in  pa t ien t s  generated in  i 
+20 
% Change 
-20 
ZONE NUMBER 
F i g u r e  1 2 .  P r e d i c t e d  c h a n g e s  i n  r e s o u r c e  l e v e l s  and 
p a t i e n t s  g e n e r a t e d :  S c e n a r i o  I .  
% c h a n g e  
S c e n a r i o  2:  P e r c e n t a g e  c h a n g e  i n  resource l e v e l s  i n  j 
+ 100 
+ 80 
+ 60  
+ 4 0  
+20 
-20 
10 20 
ZONE NUMBER 
S c e n a r i o  2: P e r c e n t a g e  c h a n g e  i n  p a t i e n t s  g e n e r a t e d  i n  i 
% Change 
10 2 0 
ZONE NUMBER 
Figure 13. Predicted changes in resources and 
patients generated: Scenario 2. 
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Figure 14. Predicted changes in resource levels and 
patients generated: Scenario 3. 
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Figure  1 5 .  P r e d i c t e d  changes  i n  r e s o u r c e  l e v e l s  
and p a t i e n t s  generaged:  Scena r io  4 .  
r e g i o n .  Assuming a g a i n  a 10% i n c r e a s e  i n  t h e  t o t a l  r e s o u r z e  
l e v e l s ,  t h e  r e s u l t s  f rom t h e  model a r e  a g a i n  r e a s o n a b l e .  Very 
l a r g e  r e a l l o c a t i o n s  g o  t o  d e s t i n a t i o n  zones  i n  t h e  a r e a  o f  t h e s e  
o r i g i n s  -- n o t a b l y  i n  d e s t i n a t i o n  z o n e s  2 , 9 , 1 4 , 2 1 , 2 3 , 2 5 , 3 2 , a n d  3 3 .  
E x c e p t i o n s  a r e  z o n e s  3 and  1 .  The i m p r e s s i o n  drawn from 
t h e s e  s c e n a r i o s ,  t h e r e f o r e ,  i s  t h a t  t h e  method i s  well-behaved, 
and  i t s  r e s u l t s  a r e  l o g i c a l l y  c o n s i s t e n t  and i n t u i t i v e l y  r e a -  
s o n a b l e .  
7 . 7 .  Catchment  P o p u l a t i o n s  
The r e v i s e d  r e s o u r c e  a l l o c a t i o n s  u n d e r  e a c h  s c e n a r i o  
n a t u r a l l y  c a u s e  c h a n g e s  i n  t h e  s i z e s  o f  t h e  p o p u l a t i o n s  dependen t  
on e a c h  d e s t i n a t i o n  a s  w e l l .  These  d e p e n d e n t  p o p u l a t i o n s  a r e  
~ a l l e d ~ c a t c h m e n t  p o p u l a t i o n s " ,  and  t h e y  have  been  d e f i n e d  a s  
f o l l o w s  (Mayhew a n d  T a k e t ,  1980:22)  : 
where C = t h e  p o p u l a t i o n  d e p e n d e n t  on h o s p i t a l s  i n  zone j j  
Pi = t h e  r e s i d e n t  p o p u l a t i o n  o f  i 
and  = T. . / C  T . .  E i j  1 1 3  
F i g u r e  16 i s  a  b a r  c h a r t  o f  t h e  p e r c e n t a g e  c h a n g e s  i n  
ca t chmen t  p o p u l a t i o n s  t h a t  r e s u l t  f rom t h e  r e s o u r c e  r e a l l o c a t i o n s  
i n  s c e n a r i o  3 .  A compar i son  w i t h  F i g u r e  14  shows t h a t  i n c r e a s e d  
ca t chmen t  p o p u l a t i o n s  a r e  u s u a l l y  a s s o c i a t e d  w i t h  i n c r e a s e d  re- 
s o u r c e  a l l o c a t i o n ,  b u t  t h a t  t h e  p r o p o r t i o n a t e  change  i s  g e n e r a l l y  
less.  C o n v e r s e l y ,  d e c r e a s e s  i n  r e s o u r c e  a l l o c a t i o n  (maximum -5%)  
c a n  c a u s e  p r o p o r t i o n a t e l y  l a r g e r  d e c r e a s e s  i n  c a t c h m e n t  p o p u l a t i o n s  
Fo r  example ,  d e s t i n a t i o n  zone 13 l o s e s  much o f  i t s  c a t c h m e n t  popu- 
l a t i o n  t o  zone  1 4  i n  which  a  l a r g e  i n c r e a s e  i n  r e s o u r c e s  i s  pro -  
p r o s e d .  I n  a l l  t h e s e  s c e n a r i o s ,  however ,  t h e  main t r e n d  i s  t o w a r d s  
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